Hepatitis B virus (HBV) infection can cause a wide spectrum of sequelae, ranging from asymptomatic chronic infection to chronic active hepatitis. Three hundred million people around the world are chronically infected with HBV (38, 39). Clinically, it is estimated that 5 to 10% of HBV-infected adults will develop chronic hepatitis (CH) and will thus be at a higher (Ͼ100 times) risk of developing hepatocellular carcinoma (HCC) (1, 12, 41) . Several viral and host factors have been suggested to be involved in the chronicity and diversity of HBV-associated disease (25, 43). The association, at the molecular level, between HBV infection and HBV-related diseases remains unclear.
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The small, 3.2-kb DNA genome of HBV contains four known open reading frames, called S, C, P, and X. The hepatitis B virus X (HBx) gene is the smallest, with a length of 465 nucleotides (10) . HBx protein is 154 amino acids long, with a molecular weight (MW) of 17,000, and is conserved among all mammalian hepadnaviruses, but the deduced amino acid sequence of the HBx gene product does not correspond to any known viral proteins (26) . Although the HBx protein has been shown to stimulate cell cycle progression of quiescent cells (18) , it is mainly a pleiotropic transactivator, due to its ability to stimulate not only the HBV promoter and enhancer (28, 33) but also a wide range of other viral promoters (33, 35, 40) . The necessity for HBx gene expression during the viral life cycle, in vitro and in vivo, has been suggested (3, 44) . The HBx protein acts either through interaction with other cellular transcription factors or via a signal transduction pathway controlled by protein kinase C (15, 30, 31) . As a consequence of its activity, the HBx protein appears capable of inducing transformation (32) and liver tumors in a selected strain of mice that express the HBx protein from a transgene (16, 17) .
During the natural course of HBV infection, the HBx gene expresses a polypeptide, HBx, that is implicated in HBV-mediated HCC (4, 16) . When liver tissue samples from HCC and CH patients were reacted with an anti-HBx antibody and evaluated by immunohistochemistry, reactive antigen was detected in 80% of HCC liver samples and 30% of CH liver samples (4) . In another study, the sera of patients with acute hepatitis, CH, and cirrhosis were tested for HBx protein and anti-HBx antibodies by an enzyme-linked immunosorbent assay (ELISA) using a monoclonal antibody and recombinant HBx protein.
The results indicated that 23% of patients' sera were HBx positive and 14% of patients' sera were anti-HBx positive (20) . In another approach, using HBx oligopeptides as antigens to detect antibodies in the sera of HCC patients, 73% of HCC sera tested positive for anti-HBx antibodies (27) . With similar approaches, data showed that 74% of sera from patients with cirrhosis and 54% of sera from patients with HCC were positive for anti-HBx antibodies and HBV surface antigen (HBs) (36) . Therefore, the expression of HBx protein in infected patients did not correlate well with the occurrence of HCC (19) .
Thus, the usefulness of HBx protein as a prognostic marker for the development of HCC has been questioned (37, 42) . Although HBx protein has been observed in sera from HCC patients (14, 24, 27) , the significance of the serological data remained to be established. While the study of HBx protein could yield a prognostic marker of HCC, this method requires biopsy of the liver tissues. Whether the titer of anti-HBx in sera or the level of HBx protein in liver tissues could be an alternative choice for molecular detection of HCC has been considered. The specificity of the antibody to the HBx protein was questionable; therefore, predicted levels of anti-HBx antibodies in HCC patients have not yet been established. Discrepancies in measuring the anti-HBx titers of HCC patients have been reported (11, 22, 23, 27, 36) . Sera from HCC patients tested 5% positive (8 of 160) for anti-HBx antibodies by use of the recombinant fusion protein as an antigen (23) . The clinical significance of this has usually been ignored.
Since the HBx protein plays a role in the development of HCC, the detection of an antibody specific of the HBx protein in hepatoma liver tissues may reveal its possible roles during viral infection. In order to measure the titers of antibody specific to the HBx protein in sera from HCC patients, purified HBx protein and an antibody specific to the HBx protein are required. Due to the difficulties in purifying HBx protein from HBV-infected cells, recombinant DNA technology was used to synthesize HBx protein in Escherichia coli. The expressed HBx protein was purified to homogeneity and used as an immunogen to develop antibodies for further functional identification of the HBx protein. Moreover, immunological characterization of the recombinant HBx protein was performed by using antiHBx monoclonal antibodies. In this study, anti-HBx antibody titers in sera of HCC patients, CH patients, and healthy individuals were evaluated by using the intact purified recombinant HBx protein. The HBx protein in liver tissues of HCC patients was also detected by use of monoclonal antibody MAb 8419.
MATERIALS AND METHODS
Construction of recombinant plasmids. DNA copies of the HBx gene were synthesized by using a set of primers containing the sequences 5Ј-CGGAATTC ATGGCTGCTAGGCTGTGC-3Ј and 5Ј-CGGAATTCTTAGGCAGAGGTGA A-3Ј. This set of primers, anchored with EcoRI restriction enzyme sites, was used to amplify the HBx gene by using the HBV ayw strain (J02203) as the template. The resulting DNA was cloned into EcoRI-digested plasmid pGEX-5X-1 (Pharmacia). The orientation and in-frame location of the insert were confirmed by the presence of an available BamHI restriction enzyme site and by a Dyeterminator cycle sequencing kit (ABI PRISM) (data not shown).
Expression and purification of the HBx protein. Clones positive for the HBx gene in E. coli DH5␣ (ATCC 51713) were grown in Terrific broth medium overnight at 37°C. The overnight culture was added to Luria-Bertani medium at a ratio of 1:9. Bacteria were induced with 0.1 mM isopropyl-␤-D-thiogalactoside (IPTG) for 5 h at 30°C. Then the cell pellet was collected. The cell lysate was prepared according to published procedures (9, 13) . The expressed fusion protein, consisting of glutathione S-transferase (GST) and HBx protein, with a factor Xa-specific protease cutting site, was isolated from the cell lysate by using glutathione Sepharose beads (Sepharose 4B; Pharmacia), according to the manufacturer's protocols.
SDS-PAGE and protein assay. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out according to the procedures suggested by Laemmli except that 12.5% polyacrylamide gels were used (21) . The amount of the expressed GST-HBx fusion protein was measured by the Pierce bicinchoninic acid (BCA) protein assay reagent according to the manufacturer's protocols.
Preparation of sera. Tissues and sera from 20 patients with clinically confirmed HCC (see Table 1 ) and 20 patients with CH were collected, after informed consent was obtained, from the Department of Surgery, Taichung Veterans General Hospital. These tissues and sera were kept in liquid nitrogen and at Ϫ70°C, respectively, until use. The sera tested positive for HBV DNA by a Digene (Beltsville, Md.) Hybrid Capture system assay; they were used for immunodetection by Western blotting and quantitative ELISA. Sera were also obtained from 20 healthy individuals who gave informed consent.
Western blotting of anti-HBx antibodies using recombinant HBx protein. The specificities of antibodies and sera of HCC patients against HBx protein were defined by Western blotting. Proteins (30 g/well) were separated by SDS-PAGE using 12.5% polyacrylamide gels. After electrophoresis, the proteins on the gels were transferred to a nitrocellulose membrane. Duplicate blots were generated by diffusion for 24 h at room temperature. Western blotting of the recombinant HBx and protease-digested fusion protein on nitrocellulose membranes was carried out by using a mouse anti-HBx monoclonal antibody (MAb 8419; Chemicon, Temecula, Calif.) and patients' sera. The reactivities of sera were determined by using alkaline phosphatase-conjugated goat anti-human immunoglobulin G (IgG; dilution, 1:2,000). The dilution of each patient's serum sample was 1:1,000.
ELISA. ELISA was performed using sera from HCC patients, CH patients, and healthy individuals. A direct ELISA method was used to determine the extent of binding of antibodies to the purified GST and the GST-HBx fusion protein. Purified GST and the GST-HBx fusion protein were immobilized overnight at 4°C on the bottoms of wells of a 96-well plate in triplicate (10 g/well). After wells were blocked with 3% bovine serum albumin and washed, the antigen-antibody complex was detected by a peroxidase-conjugated goat anti-human IgG (1:2,000) and the oxidation of ortho-phenyldiamine (Zymed, South San Francisco, Calif.). The degree of oxidation was measured at 490 nm. The dilution of each of the patient's serum was 1:100.
Tukey's statistical test. Multiple comparisons for statistically significant differences in anti-HBx antibody titers (measured in optical density [OD]) in sera among HCC patients, CH patients, and healthy individuals were performed by a Tukey test (34) . The test result was considered significant at an ␣ value of 0.05.
Western blotting of HBx protein in liver tissues of HCC patients by use of a monoclonal antibody. Liver tissues obtained by surgical resection (1 mm 3 ) from the 20 HCC patients, with their corresponding sera, for the anti-HBx antibody studies were washed in phosphate-buffered saline and suspended in a buffer (100 mM NaCl, 10 mM Tris-HCl [pH 7.6], 1 mM EDTA [pH 8.0], 1 g of aprotinin/ ml, and 100 g of phenylmethylsulfonyl fluoride/ml) equivalent to 5 times the tissue volume. A 2ϫ SDS-gel loading buffer was added, and the mixture was boiled for 10 min and sonicated about 1 min. After centrifugation, the resulting total-protein solution was obtained, and protein concentrations from each sample were determined by the BCA method. Protein lysates (100 g/well) were separated by SDS-PAGE, transferred to a nitrocellulose membrane, and detected with a monoclonal antibody (MAb 8419; Chemicon) by an enhanced chemiluminescence (ECL) plus immunodetection system (NEN, Boston, Mass.). The reactivity of the monoclonal antibody was determined by using horseradish peroxidase-conjugated goat anti-mouse IgG (1:5,000). The dilution of the monoclonal antibody was 1:3,000.
RESULTS

Expression of recombinant HBx protein.
To clone the HBx gene into plasmid pGEX-5X-1, one set of primers anchored with an EcoRI restriction enzyme site was used for amplification. Genomic DNA from the HBV ayw strain was used as the template. A bacterial clone that contained pGEX-5X-1-HBx was screened, confirmed by sequencing, and induced with 1 mM IPTG for maximal expression of the GST-HBx fusion protein. The purified fusion protein could also be specifically cleaved by the protease factor Xa. As shown in Fig. 1 , the cloned E. coli was induced by IPTG for 5 h at 30°C for expression of the fusion protein. By use of the affinity of GST and glutathione Sepharose 4B, the fusion protein was purified from the cell lysate. After elution and factor Xa digestion, proteins were analyzed by SDS-12.5% PAGE and immunodetected by MAb 8419. As shown in Fig. 2 , the purified GST-HBx fusion protein has a molecular size of about 43 kDa and is composed of a 26-kDa GST protein and a 17-kDa intact HBx protein moiety.
Characterization of the HBx protein. As shown in Fig. 2 , both forms of the recombinant HBx protein-the GST-HBx fusion protein and the purified (factor Xa-digested) form-VOL. 41, 2003 HBx AND HUMAN HEPATOCELLULAR CARCINOMA 5599
on October 30, 2017 by guest http://jcm.asm.org/ reacted well with the monoclonal antibody while the GST protein alone did not react with the antibody. Thus, the specificity of the recombinant HBx protein was confirmed. The purified HBx protein was obtained and stored at Ϫ20°C for screening of titers in sera. Screening the sera of HCC patients. Nitrocellulose membrane blots containing intact HBx protein were cut into strips with about 30 g of protein/strip. Anti-HBx antibodies in the sera were used to detect the HBx protein by Western blotting. As shown in Fig. 3A , almost all serum samples from 20 HCC patients showed the anti-HBx antibody response, and about 70%, for which a visible band was detected (14 out of 20; exceptions were patients 11, 16, 17, 18, 19, and 20) , showed significant binding with the recombinant HBx protein. When the same serum dilution (1:1,000) was used for the 20 CH cases (Fig. 3B) , only the serum sample of patient 9 appeared to exhibit the anti-HBx antibody response. HBV DNA detection indicated that the serum sample of CH patient 9 contained a relatively large amount of HBV DNA (4,773 pg/ml). In contrast, all the serum samples from healthy individuals (Fig. 3C) exhibited a negative response. Therefore, it was evident that the sera of HCC patients had higher anti-HBx antibody titers.
ELISA. As seen in the ELISA data shown in Fig. 4 , the quantities of anti-HBx antibody in the sera of 20 HCC patients, 20 CH patients, and 20 healthy individuals indicated that HCC patients had higher anti-HBx antibody titers than the other two groups. After multiple comparison tests for the significance of differences in anti-HBx antibody titers among the three groups, anti-HBx antibody titers in the sera of HCC patients were found to be significantly higher than those in the sera of healthy individuals or CH patients.
Western blotting of the HBx protein in liver tissues of HCC patients. Protein lysates containing various amounts of HBx protein were detected by a monoclonal antibody. The same amount of protein lysates (100 g) was loaded in each well. As shown in Fig. 5 , HBx protein with a molecular size of about 17 kDa was detected among these 20 samples. Lysates from 85% (17 out of 20) of patients tested HBx positive, and only lysates from 3 patients (patients 11, 16, and 18) tested negative. The MW of the HBx protein detected in liver tissues of HCC patients is the same as that of the prokaryotic recombinant protein, as shown by migration on SDS-PAGE gels.
DISCUSSION
Data from previous studies have shown that anti-HBx antibody titers in the sera of CH and HCC patients varied considerably according to the fusion protein or HBx oligopeptides used (5, 20, 22, 27, 36) . A study using the oligopeptides lacked sufficient specificity, and a study using the fusion protein may have exhibited interference (2, 29) . Therefore, it would be appropriate to use full-length, intact, purified HBx as an antigen for accurate titering of the sera from various sources. Western blotting was performed, and the HBx protein was detected by the anti-HBx monoclonal antibody (MAb 8419). In this study, the HBx recombinant protein was successfully induced and purified. Both the recombinant proteins, that expressed as a GST fusion protein and the purified (factor Xadigested) form, reacted well with the monoclonal antibody, while the GST protein did not react with the antibody. Thus, the specificity of the recombinant HBx protein was confirmed. The purified HBx protein was obtained and stored at Ϫ20°C for screening of titers in sera.
Studies using the same strategy with oligopeptides of HBx or other forms of recombinants to detect anti-HBx in sera of HCC patients showed inconclusive results. The specificities of antibodies and sera of HCC patients, CH patients, and healthy individuals against HBx protein were defined by Western blotting. In this study, higher anti-HBx antibody titers in the sera of HCC patients were evident. The significant result of our study is due to the availability of the highly purified HBx protein.
Among the HCC sera detected, the serum sample from HCC patient 8 showed the strongest response, with the same binding We also used ELISA to confirm these results. After multiple comparison tests for the significance of the anti-HBx antibody titers in the sera of HCC patients, CH patients, and healthy individuals, the antiHBx antibody titers in the sera of HCC patients were found to be significantly higher than those for healthy individuals or CH patients. According to both Western blotting and ELISA, antiHBx antibody levels in the sera of HCC patients were evidently higher than those in the sera of CH patients and healthy individuals. Anti-HBx antibody in the serum could be a prognostic marker of HBV infection, especially in the detection of HCC. Furthermore, expression of the anti-HBx antibody in sera correlated well with the markers of HBV replication, such as HBsAg and HBcAg proteins (6, 22) . The role of the antiHBx antibody in viral replication remains unclear, but our data support the notion that sera of HCC patients do have higher levels of anti-HBx antibodies. In order to study the correlation between HBV infection and the development of HBV-related HCC, the molecular aspects of the titer of anti-HBx antibody in serum and the viral HBx Previous studies have indicated that anti-HBx antibodies in sera could be an early marker of HBV infection and viral replication (7, 8) . In this study, we clearly demonstrated the clinical significance of the anti-HBx antibody in the sera of HCC patients (70%) compared with the sera of HBV DNApositive CH patients (5%). Detection of the HBx protein in cell lysates from liver tissues of the same group of HCC patients with higher anti-HBx antibody titers showed that 85% were HBx positive. The HBx-negative patients (patients 11, 16, and 18), for whom no visible band was detected, showed no anti-HBx antibodies in sera. HBx antigen positivity in HCC tissues is required for anti-HBx antibody positivity in serum. However, whether the anti-HBx antibody in serum could be used as a prognostic marker will require further systematic studies. 
